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PROTEIN D - AN IgD-BINDING PROTEIN OF HAEMOPHILUS 
INFLUENZ AE 

. The present invention is related to a surface exposed 
5 protein named protein D which is conserved in many strains 
of Haemophilus influenzae or related Haemophilus species. 
Protein D is an Ig receptor for human IgD. 

Several immunoglobulin (Ig) binding bacterial cell 
wall proteins have been isolated and/or cloned during the 

10 last two decades. The best characterized of these are 

protein A of Staphylococcus aureus and protein G of group 
G beta-hemolytic streptococci. The classical Fc-binding 
capacity of protein A involves IgG from humans and several 
mammalian species but the binding is restricted to human 

15 IgG subclasses 1, 2 and 4. Also other human classes of Ig 
(G, A, M, E) have been shown to bind to protein A, a reac- 
tivity that has been designed the alternative Ig binding 
which is mediated by Fab structures and characterized by a 
variable occurrence in the different Ig classes. 

20 Protein G of group G streptococci binds all human IgG 

subclasses and has also a wider binding spectrum for ani- 
mal IgG than protein A. On the IgG molecule the Fc part is 
mainly responsible for the interaction with protein G 
although a low degree of interaction was also recorded for 

25 Fab fragments. IgM, IgA and IgD, however-; show no binding 
to protein G. Both protein A and protein G have acquired 
many applications for immunoglobulin separation and detec- 
tion. (EP 0 200 909, EP 0 131 142, WO 87/05631, US 
3,800,798, US 3,995,018.) 

30 Certain strains of group A streptococci are also 

known to produce an IgG-binding protein which has been 

— purified or cloned. The Ig-binding protein from group A 
streptococci is relatively specific for human IgG. Infor- 
mation about bacterial molecules that selectively bind IgA 

35 and IgM is more limited. However, IgA-binding proteins 
have been isolated from both group A and group B strepto- 
cocci, two frequent human . pathogens . The IgA receptor of 
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H. influenzae is a common human parasite and pathogen 
which colonizes the mucosa of the upper_ respiratory tract- 
and causes disease by local spread or invasion. An impor- 
tant distinguishing-^feature between H„ influenzae isolates 
5 is whether or not they are encapsulated. Encapsulated H. 
influenzae type-b is a primary cause of bacterial menin- 
-gitis and other invasive infections in children under 4 
years of age in Europe and the United States. Non-encapsu- 
lated- ( non-typable ) H. influenzae rarely cause invasive 
10 infection in healthy children and adults but are a 

frequent cause of otitis media in children and have been 

implicated as a cause of sinusitis in both adults and 

children. H. influenzae are also commonly isolated in 
purulent secretions of patients with cystic fibrosis and 
15 chronic bronchitis - and have recently been recognized as an 
important cause of pneumonia. 

A vaccine composed of purified type b capsular poly- 
saccharide has proven effective against H. influenzae type 
b disease in children of 2 to 5 years of age. However, 
20 since children under two years of age respond poorly to 
this vaccine, conjugate vaccines with enhanced immunogeni- 
city have been developed by covalently bonding the cap- 
"sular polysaccharide to certain proteins. However, the 
polysaccharide vaccines, non-conjugated and conjugated / 
25 are of no value against nontypable H. influenzae disease. 
Hence, other cell surface components and in particular 
outer membrane proteins (OMPs) have been looked at as 
potential vaccine candidates both against f type b and 
nontypable H. influenzae. (EP 0 281 673, EP 0 320 289.)'" 
30 The outer membrane of H. influenzae is typical of 

gram-negative bacteria and consists of phospholipids, 
lipopolysaccharide (LPS), and about 24 proteins. Four 
different Haemophilus OMPs have been shown to be targets 
for antibodies protective against experimental Haemophilus 
35 disease. These include the PI heat-modifiable major outer 
membrane protein, the P2 porin protein, the P6 lipoprotein 
and a surface protein with an apparent molecular weight of 
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There is also provided a plasmid or phage containing., 
a genetic cod* for protein D or the above defined 
variants or portions. 

Further there is provided a noh- human host containing 
5 the above plasmid or phage and capable of producing said 
protein or variants, or said portions thereof. The host is 
chosen among bacteria, yeasts or plants. A presently pre- 
ferred host is E. coli. 

In a further aspect the invention provides for a DNA 
10 segment comprising a DNA sequence which codes for protein 
D, or said variants thereof, or for said portions. The DNA 
sequence is shown in Fig. 9. __ _ .„..._- 

In yet another aspect, the invention provides for a 
recombinant DNA molecule containing a nucleotide sequence 
15 coding for protein D, or said variants or portions, which 
nucleotide sequence could be fused to another gene. " **-■. 

A plasmid or a phage containing the fused nucleotide 
defined above could also be constructed. 

Further such a plasmid or phage could be inserted in 
20 a non-human host, such as bacteria, yeasts or plants. At" 
present, E. coli is the preferred host. 

The invention also comprises a fusion protein or 
polypeptide in which protein D, or said variants or - 
portions, could be combined with another protein by the 
25 use of a recombinant DNA jnolecule, defined above. 

Furthermore, a fusion product in which protein D, or 
said variants or portions, is covalently or by any other 
means bound to a protein, carbohydrate or matrix (such as 
gold, "Sephadex" particles, polymeric surfaces) could be 
30 constructed . 

The invention also comprises a vaccine containing 
protein D, or said variants or portions. Other forms of 
vaccines contain the same protein D or variants or por- 
tions, combined with another vaccine, or combined with an 
35 immunogenic portion of another molecule. 
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isolates of H. influenzae were also grown overnight at 
37°C in brain-heart infusion broth (Difco Lab., Inc. 
Detroit, Mi. ) supplemented with nicotinamide adenine di- 
nucleotide and hemin (Sigma Chemical Co. St Louis, Mo.), 
5 each at 10 ug/ml. 

Immunoglobulins and proteins 

IgD myeloma proteins from four different patients 
were purified as described (Forsgren, A. and Grubb, A., J. 
Immunol. 122:1468, 1979). Eight different human IgG mye- 

10 loma proteins representing all four subclasses and both 
L-chain types, three different IgM myeloma proteins and 
one IgA myeloma protein were isolated and purified accor- 
ding to standard methods. Human polyclonal IgG, serum 
albumin and plasminogen were purchased from Kabi Vitrum 

15 AB, Stockholm, Sweden, and human IgE was adapted from 

Pharmacia IgE RIACT kit (Pharmacia Diagnostic AB, Uppsala, 

Sweden). Bovine serum albumin, human and bovine fibrinogen 

and human transferrin were purchased or obtained as a 

gift. 
125 

20 I -IgD binding assay 

The binding assay was carried out in plastic tubes. 

D 

Briefly 4x10 bacterial cells in a volume of 100 ul 
phosphate buffered saline (PBS) with the addition of 5% 
human serum albumine (HSA) were mixed with J.00 pi of 

25 125 I-IgD in the same buffer (radioactivity was adjusted to 
7-8xl0 4 cpm, i.e approx. 40 ng). After 0.5 h incubation at 
37 °C, 2 ml of ice-cold PBS (containing 0.1% Tween 20) was 
added to the tubes. 

The suspension was centrifugated at 4,599xg for 

30 15 min and the supernatant was aspirated. Radioactivity 
retained in the bacterial pellet was measured in a gamma 
counter (LKB WSllac Clingamma 1271, Turku, Finland). 
Residual radioactivity from incubation mixtures containing 
no bacteria, i.e. background, was 2.5 percent. Samples 

35 were always tested in triplicates and each experiment was 
repeated at least twice, unless otherwise stated. 
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Staining of proteins in gels -was "done with comassie 
brilliant blue in a mixture of methanol,, acetic acid and 
water essentially as described by Weber and Osbom (J. 
Biol. Chem. 244:4406, 1969). Protein bands were also 
5 transferred to nitrocellulose membranes (Sartorius, West 
Germany) by electrophoretic transfer from SDS-poly- 
acrylamide gels. Electrophoretic transfer was carried out 
in a Trans-Blot Cell (Bio-Rad) at 50 V for 90 min. The 
electrode buffer was 0.025M Tris, pH 8.3, 0.192M glycine, 
10 and 20% methanol. The membranes were then washed for 1 h 
at room temperature in 1.5% ovalbumin-Tris balanced saline 
(OA-TBS), pH 7.4, to saturate additional binding sites. 

After several washings with Tris balanced saline 
(TBS), the membranes were incubated overnight at room 
15 temperature in 1% OA-TBS buffer containing IgD (20 ug/ml). 
to detect IgD-binding bands, then washed twice with TBS. . 
The membranes were then incubated with peroxidase con- 
jugated goat anti-human IgD (Fc) (Nordic Immunology, 
Tiiburg, The Netherlands) for 1-2 hrs at room temperature; 
20 after several washings with Tween-TBS the membranes were 
developed with 4-chloro-l-napthol and hydrogen peroxide. 
Protein D was also identified using anti-protein D mouse 
monoclonal antibodies 16C10, 2066 and 19B4 at "1:50 
dilution in 1% OA-TBS. Protein 1 and 2 of H. influenzae 
25 were identified using anti-P2 mouse monoclonal 9F5 (Dr. 
Eric J. Hansen, Dallas, Texas, USA) at a 1:1000 dilution 
and rabbit anti-Pi serum (Dr. Robert S. Munson, St. 
Louis, Mo, USA) at a 1:200 dilution. 
Solubilization and purification of protein D from H. 
30 influenzae 

Briefly 3 g of bacteria were suspended in 10 ml of 10 
mM HEPES Tris buffer (pH 7.4) containing. 0.01M EDTA and 
sonicated three times in a sonifier (MSE) for 1 min while 
cooling in an ice bath. Following sonication Sarcosyl 
35 (Sodium Lauryl Sarcosinate) was added to a final concent- 
ration of 1% (w/v). The suspensions were incubated at room 
temperature for 1 h using a shaker and then sonicated 



3NSOOCID: <WO 91 18926A1_L> 



" (AN 

'aaq.saqooH 'M^pOM uauiqsea) uaajcos BuxAj-psuaq-UT aaxn6a.i SE 
4BID0-X *epo>i pub stuxx* abjc-x 0*Y33 *epo>! fiuxsn Aq o 0 OL- *B 
paqda.if5oxpB.ioq.nB pUB 'paxjcp jctb 'oz-uas'M. %Z0'0 6uxuxaq.uoo 

SSi <fc*X« samx* onoi paqsaw '(Tm/mdo gOIXQI S) eqcad 

uxaq.ojtd paxaqex-1,,^^ fiuxuxaq.uoo sai-VO %T «X a.xnq.Baaduiaq. 
SoX 

uiooa q.a qq6xuj:aAo paq.eqnoux a-xaw sausjcquratn aqq. 'uox*BJcnq.Bs o£ 
jiaqjv '(XX^ nu PS 3 laqoTQX^PS) snq.e.xBddB qoxq q.op a fiuxsn 
Aq Axx emrem (Auafcxao q.saw 'XBSsaa 'XT® n UPS 9 JcaqoxaTtjos ) 
sauaaqurain asoxnxx^o.iq.xu oq paxx^de ajcaw suxaq.o.id 

Aessa q.oxq q-on; 
- - -pautiojaad sew sxsAxexp gz 

aAXSuaqxa piiie paqejiquaouoo sba q.uaq.Buj:adns aqq. Axxbux.J 
•aAoqa se pauucojaad saw uoxq.a6njxjq.uao o 0 ? qa sjcq ? oaq^B 
pue wm 09 oq paq.snfpa sen q.uaq.uoo umxssBq.od eqa jcaq.iB 
-ajaqj, *fi 000 'Zl 3-B uoxiBonix^wao Aq paAouiaa saw aq.Bq.xd 
-xoajd-sas ©qq. q.q6xuaaAO o 0 ? qa uoxq.aqnoux aaq.ja pue pappe qz 
sew wui OZ J° uoxq.ajcq.uaouoo x eu T? b ux aq.aqdsoqd umxssaq.Od 
*(886T '6^Z*ZCX *uiaqooxa *Xbuy) Bpexzaj, pua x^nsns uiojcj 
poqqaui b fiuxsn jajjnq aqaqdsoqd omxssaq.od ux uqx3.Bq.xdxoB.id 
Aq uoxq-nxos 6uxuxaq.uoo uxaq.ojcd aqq, uioji paAoaiajc sba 
SOS pua pauucoxaad ssa (a uxaq.ojcd) saxnoaxoui 6uxpuxq-a6l GX 

aqq. 30 uoxq.nxa.oxq.aJtoqdoaq.oaxa "3-no q.no pua paxJXV*9PT 
aq pxnoo x^6 ©MA ux puaq aq.BX.xdo.iddB aqq (q.oxq uiaq.saw) 
auaxquiaui aqq uo puBq fiuxpuxq-dfil ©qi uosx-ZBduioo 
* ( saua jquiaui uo a uxaq-oad xo uoxqoaq.ap pua aOYd-SaS 
aas) aAoqa paqxjtosap sa a6l uaumq-xvia q.Bo6 paq.afinCuoo oi 
asBpx^oxad pua a&i fiuxsn Abssb qoxq uxaqsaf* Aq paq.oaqap 
saw puaq 6uxpuxq-dSl sqi Pub saueaquiaui oq. paxxaxsuBJtq. sbm 
uxaq.ojcd 'q.no q.no a jaw sdxxq.s x®6 aioxibu sxsaxoqdo.xq.oaxa 
»P-JY "SOVd-SaS oq. paxxdcte 3.xbm aAoqa paqx-xosap sb ZLL 
,LN uxajcq.s 'aezuanxjux *H ?o paxBdaxd sq.oaxq.xaxAsoo,xes S 

*O 0 fr q.a q g-x -xox 6 OOO'GOT 
qs paqBfinix^uaoaa pua paq.saAj:aq saw quaq.Bujadns aqq. o 0 ^ 
qa uxui sx JOJ 6 000 'ZX ^ uoxqaBnjx^uso Jraqjv -upn o€ -ioj 
aanqajcadmaq. uiooj: q.e paq.eqnouxaJt pua eox uo uxm T*Z uxaBa 

OT 



6Zl00/l63S/iTW 



9Z681/16 0M 



WO 91/18926 



PCT/SE91/00129 



Amino acid sequence analysis 

Automated amino acid sequence -analysis was performed 
with an Applied Biosystems 470A gas-liquid solid phase 
sequenator (A) with online detection of the released 
5 amino acid phenylthiohydantoin derivatives by Applied 
Biosystems Model 120A PTH Analyzer. 

Bacterial strains, plasmids, bacteriophages and media used 
for cloning of protein D 

H. influenzae, nontypable strain 772, biotype 2, was 

10 isolated from a nasopharyngeal swab at the Department of 
Medical Microbiology, MalmG General Hospital, University 
of Lund, Sweden. E. coli JM83 were used as recipient for 
plasmids pUC18 and pUC19 and derivatives thereof. E. coli 
JM101 and JM103 were used as hosts for M13mpl8 and mpl9 

15 bacteriophages. H. influenzae was cultured in brain-heart 
infusion broth (Difco Lab., Inc. Detroit, Mi.) supplemen- 
ted with NAD (nicotine adenine dinucleotide ) and hemin 
(Sigma Chemical Co., St Louis, Mo.), each at 10 pg/ml. E. 
coli strains were grown in L broth or 2xYT media. L agar 

20 and 2xYT agar contained in addition 1.5 g of agar per 

litre. L broth and L agar were, when so indicated, supp- 
lemented with ampicillin (Sigma) at 100,ug/ml. " " 
DNA preparations _ — 

Chromosomal DNA was prepared from H. influenzae 

25 strain 772 by using a modification of the method of Berns 
and Thomas (J.Mol. Biol. 11:476, 1965). After the 
phenol : chloroform : isoamylalcohol ( 25 : 24 : 1 ) extraction step 
the DNA was ethanol precipitated. The DNA r was dissolved in 
O.lxSSC (lxSSC:0.15 M NaCl and 0.015 M sodium citrate) and 
30 RNase treated for 2 h at 37 °C. The RNase was removed with 
two chloroform: isoamylalcohol (24:1) extractions. The DNA 
was banded in a CsCl-ethidium bromide equilibrium 
gradient . 

Plasmid DNA and the replicative form of phage M13 
35 from E. coli JM101 were obtained by the alkaline lysis 
procedure followed by further purification in a CsCl- 
-ethidium bromide gradient. In some cases plasmid DNA was 
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A/S, Glostrup, Denmark) in TBS-ova at a dilution of 1:2000 
in TBS-ova, and (iii) 4-chloro-l-naphthol and ^ 2 0 2 m The 
filters were washed 3xlO min in wash buffer (TBS-0.0'5% 
Tween 20) between each step. All incubations were done at 
5 room temperature. 

Colonies were also checked for IgD binding by incuba- 
- ting other filters with purified human myeloma IgD:s, 
rabbit anti-human IgD (5-chains) ( DAKOPATTS ) , horseradish 
peroxidase conjugated goat anti-rabbit Ig:s (Bio-Rad Lab. ) 
10 and 4-chloro-l-naphthol and H 2 0 2 as above. 

Restriction endonuclease analysis and DNA manipulations 

Plasmid and phage DNA were digested with restriction _ 
endonucleases according to the manufacturers 1 instructions 
(Boehringer Mannheim mbH, Mannheim, FRG, and Beckman 
15 Instruments, Inc. England) . Restriction enzyme fragments 
for subcloning were visualised with low energy UV- light- 
and excised from 0.7-1.2% agarose gels (Bio-Rad) contai- 
ning 0.5% ethidium bromide. The DNA bands were extracted 

TM 

with a Geneclean kit (BIO 101 Inc., La Jolla, Ca. ) as 

20 recommended by , the supplier. 

Ligations were performed with 14 DNA ligase 
(Boehringer Mannheim) under standard conditions (Maniatis 
~et al., 1982). The ligation mixtures were used to trans- 
form competent E. coli cells. _ — 

25 Progressive deletions of the recombinant plasmid 

pHIC348 for the sequencing procedure were produced by 
varying the time of exonuclease III digestion of Kpnl- 
-BamHI -opened plasmid DNA (Henikoff, S. pene 28:351, 
1984). For removal of the resulting single- stranded ends, 

30 mung bean nuclease was used. Both nucleases were obtained 
from Bethesda Research Laboratories Inc. ( Gather sburg, 
Md.). 

Protein D extraction from E. coli 

Cells of E. coli expressing protein D were grown in L 
35 broth supplemented with ampicillin to early logarithmic 
phase and then subjected to osmotic shock. After removal 
of periplasmic fraction the cells were lysed with NaOH 



aouaoaxixp aub axaqq. sew jon -eezuanxjUT -jj paq.exnsdeoua 
jo (3-e) sadAq-oxas qxrajcaxxxp uaawq.aq Aq.Toedeo fiuTpuxq-afii 

ut aouaxexixp ou sba axaqj, *(t *6Ta) <%frZ.-8E) aaxfiap ge 
qS^M e oq. a6l punoq saq.exosT aezuanxjux* *H TTY *pa.xnseaui 
sew sq.anad JO Aq.xATq.oeoTpex pue uwop unds ajcaw ej.xaq.oeq 
'pappe sew qz uaawj, fiuTUTeq.uoo sea jo (jm z) arnniOA .xafixex 
e xaq-xeaxaqj; *afil euioxaAm ueumq pexaqexoxpex xo 6u 
qq..T A paq.eqnouT pue paxpu axa/% xe6e eq.exoooup uo umojcB o£ 
ex.xaq.oeq aezuanxjux *H jo nxo Q OTXfr Axaq.eurpco.xddY 

•BuTpufq q6i *ox pa^saq. q.nq (iaN) padAq.OTq 
q.ou axaw xe suxe,xq.s paq.exnsdeoua-uou aqq. xo "(suxexas 
S) I adAq.OTq pue (suTexq.s z) Al SdA^OTq # (sutb^s 
*T) III adAq-oxq '(suTex^s 6E) II adAq.OTq '(sutbx:*s SZ 
XZ) I adAq.OTq bq. pafiuoxaq suTexq.s SOT asaqj, • ( axqedAq.uou ) 
peq.exnsdeoua-uou exart sujexq-s got pue 'x-e sedAq.oxas 
6uTq.uasaxdax ~paq.exrisdeoua axa« suxexas sua xo uaAaxa 
• sq-traoiTxadxa 5uTpurq-a6i *oj pa^oaxas 3J9rt sqews x^a6 
-uAxeudoseu moxx -paq.exosx Axusaocx pue suoxq.oaxxoo axnq.xno qz 
uioxi pau-peq-qo suTexq.s aezuenxjux -h 9XT jo xeq.o* y 

aeztxanxjux snxTudomaeH ut a uxaiMd 10 uoxq.nqTaq.sTa 

•mXTJ Aex-x T fn.j 
qq.TM pauuoxxad sbm Aqdex6oxpexoq.nY *8?eOIHd moxx paAxxap gx 
sqjtasu-c Butaxxbo VNa eT W papuBxq.s-axfiuTs uo auop sbm 
fiuTouanbas aqq. 10 q.xed -Jcaxxddns aqq. Aq papTAOxd xoooq.oxd 
aqq. Butmoxioj (OTWO 'puexeAexo '*daoo XBOTraaupoxa saq.eis 
paq.Tun) Z uoxsxaA '^aseuanbas pue (ureqsiamv) diYP-[S ]x> 
qq.T« poqq.aw uoTq.euTmx3q. utbuo aqq. 6urstv 8?€OIHd ppnsexd OT 
xo saATq.eAT.xap uoxq.axap pue sauoxoqns xo (g86T 'g9i:fr 
VNa *H 'd '6xnqaas pue *a *H 'uaqo) fiuxouanbas pxinsexd 
q.oaxxp ^q pauTmxaq.ap sbm aouanbas apxq.oaxonu aqx 

snoxq.eTTidxuem aouanbas pue Buyouanbas ^iia 

-pxoe oxq.aoe g 
oxoxqo-T^^- %S q4T* paq.eq.xdxoajcd aaaM sujaq-oad oTmsexd 
-oq-io pue oxt^exdjaad aq,L *uoxq.e6nxxxq.uao Aq uoxq-oexx 
auejquiaui aqq. uiOxx - paq.ejcedas sew uojq.oexx OTuisexcEo^AO 
aqq. pue (Z26T * LLX'KZ TT^O "d ^japow pue -w 'X^ssriH) 



6ZlOO/l63S/I3a 



91681/16 OM 



WO 91/18926 



PCT/SE91/00129 



15 

between different biotypes, pf non- encapsulated strains. 
30 strains representing different sero- and biotypes were 
also grown in brain-heart infusion broth. When those 
bacteria grown in liquid medium were compared with the 
5 same bacteria grown on chocolate agar, no difference in 
IgD-binding capacity could be detected. 

Protein D was solubilized from all 116 H. influenzae 
strains by sonication and Sarcosyl extraction. Subsequent- 
ly the extracts containing protein D were subjected to 

10 SDS-PAGE. Proteins were stained or electroblotted onto 

nitrocellulose membranes and probed with human IgD myeloma 
... protein and three different mouse monoclonal antibodies 
recognizing protein D. Many protein bands could be detec- 
ted in all SDS-gels but electrophoresis of extracts from 

15 all H. influenzae isolates gave a protein band with an 

apparent molecular weight of 42,000 (42 kilodaltons ) . IgD 
and also all three anti-protein D monoclonal antibodies 
(16C10, 20G6 and 19B4) bound to the same band after 
electrophoresis of all extracts and subsequent transfer to 

20 membranes and blotting. 

Bacterial strains of 12 different species taxonomi- 
cally related to H. influenzae (H. ducreyi, H. paraphro- 
philus, H. parasuis, H. parainf luenzae, H. haemolyticus, 
H. parahaemolyticus, H. aphrophilus, H.. segnis, H. aegyp- 

25 ticus, H. haemoglobinophilus, Ev corrodens , A. actinomyce- 
temcomitans) were tested for their capacity to bind I 
labeled human IgD. In addition crude Sacrosyl extracts 
from the same bacteria were tested by Western blot ana- 
lysis with IgD and the three anti-protein D monoclonal 

30 antibodies (MAbs 16C10, 20G6, 19B4). 

Of all twelve species tested, only H. haemolyticus 
(5/5 strains) and H. aegypticus (2/2 strains) bound 
radiolabeled IgD~21-28% and 41-48%, respectively, in the 
direct binding assay (Fig. 2).. In Western blot analysis 

35 IgD and all three monoclonal antibodies detected a single 
band with. an. apparent molecular weight of 42,000 (42 
kilodaltons ) . 
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molecules (protein D) could also be detected ii* the cell 
debris, i.e. were not solubilized by sonication. The yield 
of IgD-binding molecules in the supernatant varied between 
different experiments. Fig. 3 also shows that protein D 
5 mostly could be detected in the Sarcosyl soluble super- . 
natant after ultracentrifugation. In contrast previously 
described outer membrane proteins of H. influenzae (pro- 
tein 1 to 6) are readily solubilized by sonication and are 
considered Sarcosyl insoluble. 

10 To improve the yield of protein D several extraction 

methods were tried. In subsequent experiments the~T3acte- 
rial cells were sonicated and the whole cell suspension 
sonicated and extracted in different detergents (Sarcosyl, 
NP-40, Triton X-100 and Tween 80). The cell debris was 

15 removed by centrifugation (12,000 g) and the supernatant, 
ultracentrifuged. The thus obtained cell debris (d), 
supernatants (s) and pellets (p) were analysed by SDS- 
-PAGE, elect roblot ting onto membranes and subsequent 
probing with IgD. As shown in Fig. 4 Sarcosyl treatment 

20 effectively solubilized protein D leaving little left in 
the cell debris and pellet. NP-40, Triton X-100 and Tween- 
-80 solubilized protein D less effectively. 

Attempts were also made to solubilize protein D from 
the bacteria with lysozyme and different proteolytic en- 

25 zymes (papain, pepsin and trypsin) at. different concent- 
rations. Of the enzymes only lysozyme solubilized protein 
D (Fig. 4). 

Purification of protein D 

Protein D was solubilized by Sarcosyl extraction of 

30 whole bacteria as described above and purification was 

performed by SDS-PAGE of the supernatant after ultracent- 
rifugation. After electrophoresis narrow gel strips were 
cut out, proteins were transferred to membranes and the 
IgD-binding band (protein D) was detected by Western blot 

35 assay. Gel slices containing a protein band corresponding 
to the IgD-binding molecules were cut out from the gel and 
solubilized by electronic elution. At reelectrophoresis 
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Cloning of the protein D gene 

DNA isolated from H. influenzae 772 was partially 
digested with Sau3A and enriched for fragments in the size 
of 2 to 7 kilobasepairs (kbp) by fractionation on a 
5 sucrose gradient. These fragments were ligated to the 
BamHI-cut and phosphatase-treated vector pUC18. E. coli 
JM83 cells transformed with the ligation mixture by high 
voltage electroporation were plated selecting for 
resistance to amp'icillin. Individual colonies were trans- 
it) f erred to nitrocellulose filters and screened with a 

cocktail of monoclonal antibodies (MAbs ) as described in 
Materials and Methods - „.._.. 

Among the 15,000 colonies tested, 60 were found 
positive. Eight positive colonies were picked, purified 
15 and subjected to another two rounds of screening. All 
clones remained positive during the purification. The 
purified clones were tested for IgD binding with human 
IgD, rabbit anti-human IgD and peroxidase conjugated goat 
anti-rabbit Ig:s in a colony immunoassay as described in 
20 Materials and Methods. All were positive regarding IgD 

binding. Additionally, the clones were found positive when 
screening with the three MAbs individually. 

Restriction ^enzyme analysis of plasmid DNA from the 
positive clones showed that all but one clone carried a 
25 3.3 kbp insert with two internal Sau3A sites. One clone 

contained an additional 2.0 kbp Sau3A fragment. One of the 
smaller recombinant plasmids, pHIJ32, was chosen for 
further characterization. A partial restriction enzyme map 
was established for the insert of H. influenzae DNA in 
30 pHIJ32 (Fig. 8)." To identify the region coding for protein 
D, restriction enzyme fragments were subcloned into pUC18. 
_ The resulting transformants were tested for expression of 
protein D using colony immunoblot analysis as described 
. above. These experiments showed that plasmids carrying a 
35 1.9 kbp Hindlll-Clal fragment -from one end of the insert 
allowed expression of IgD-binding protein. This recombi- 
nant plasmid, called pHIC348, was kept for further experi- 
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coli promoters (Rosenberg, M. and Court, D. , Annu. Rev. 
Genet, 13:319, 1979) and are identical with promoters 
recognized by the E. coli RNA polymerase. The spacing 
between the putative -10 and -35 sequences is 18 bp, which 
5 is comparable with the favoured value of 17 bp. 

Between position 1341 and 1359 there is an inverted 
repeat with the potential to form a stem and loop struc- 
ture. This repeat does not, however, resemble a typical 
rho- independent transcription terminator. 
10 Protein D structure 

The gene for protein D encodes for a protein of 364 
amino_ acid! residues deduced from, the nucleotide-sequence 
(Fig. 9). The N- terminal amino acid sequence has typical 
characteristics of a bacterial lipoprotein signal peptide 
15 (Vlasuk et al., J. Biol. Chem. 258:7141, 1983) with its 

stretch of hydrophilic and basic amino acids at the N-ter- 
minus followed by a hydrophobic region of 13 residues, and 
with a glycin in the hydrophobic core. The putative signal 
peptide ends with a consensus sequence Leu-Ala-Gly-Cys, 
20 recognized by the enzyme signal peptidase II (Spasell). " 
The primary translation product has a deduced molecular 
weight of 41,821 daltons. Cleavage by Spasell would result 
in a protein of 346 amino acids with a calculated _ — 
molecular size of 40,068 daltons, in contrast to the 
25 estimated size of the mature protein D of approximately 42 
kilodaltons. Posttranslational modifications of the 
preprotein may account for this discrepancy. Several . 
attempts to determine the amino- terminal , amino acid 
sequence of protein D were performed by applying about 
30 1000 pmoles thereof in an automated amino acid sequencer. 
Since no amino- acid phenyl thiohydantoin derivatives were 
obtained, the amino- terminal end of the single IgD-recep- 
tor polypeptide chain is probably blocked. 

Protein D expressed in E. coli JM83 carrying pHIC348 
35 was analysed in immunoblotting experiments (Fig. 10). 

Cytoplasmic, periplasmic and membrane fractions from cells 
in late logarithmic phase were separated on a SDS-PAGE gel 
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23 
CLAIMS 

1. A surface exposed protein, which is conserved in 
5 many strains of Haemophilus influenzae or related Haemo- 
philus species, having an apparent molecular weight of 
42,000 and a capacity of binding human IgD, or naturally 
occurring or artificially modified variants thereof, or an 
immunogenic or IgD-binding portion of said protein or 

10 variants* 

2. A protein according to claim 1, having the amino 

acid ^sequence, as described in Fig. „9., or naturally occur- 

ring or artificially modified variants thereof, or an 
immunogenic or IgD-binding portion of said protein or 

15 variants. 

3. A plasmid or phage containing a genetic code "for,, a 
protein of Haemophilus influenzae or related Haemophilus 
species, said protein having an apparent molecular weight 
of 42,000 and a capacity of binding human IgD, or for 

20 naturally occurring or artificially modified variants 

thereof, or for an immunogenic or IgD-binding portion of 
said protein or variants. 

4. A non-human host_containing a plasmid or a phage 
as defined in claim 3 and capable of producing said 

25 protein or variants or a portion of said protein or 

variants, which host is chosen among bacteria, yeasts and 
plants . 

5. A host according to claim 4, characte- 
rise d in that it is E. coli. 

30 6. A DNA segment comprising a DNA sequence which 

codes for a protein of Haemophilus influenzae or related 
Haemophilus species, said protein having an apparent 
molecular weight of 42,000 and a capacity of binding human 
IgD, or for naturally occurring or artifically modified 

35 variants thereof, or for an immunogenic or IgD-binding 
portion of said protein or variants. 
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14. A vaccine containing a surface exposed protein of 
Haemophilus influenzae or related Haemophilus species, 
said protein having an apparent^ molecular weight of 42,000 
and a capacity of binding human IgD - or naturally 

5 occurring or artificially modified variants thereof, or an 
immunogenic or IgD-binding portion thereof. 

15. A vaccine containing a surface exposed protein of 
Haemophilus influenzae or related Haemophilus species, 
said protein having an apparent molecular weight of 42,000 

10 and a capacity of binding human IgD, or naturally occur- 
ring or artificially modified variants thereof, or an 
immunogenic or Igp-binding portion thereof , combined with . __ 
another vaccine. 

16. A vaccine containing a surface exposed protein of 
15 Haemophilus influenzae or related Haemophilus species, 

said protein having an apparent molecular weight of 42,000 
and a capacity of binding human IgD, or naturally occur-, 
ring or artificially modified variants thereof, or an 
immunogenic or IgD-binding portion thereof, combined with 
20 an immunogenic portion of another molecule. 

17. A hybridoma cell capable of producing a monoclo- 
nal antibody to an ' immunogenic portion of a surface 
exposed protein of Haemophilus influenzae or related . 
Haemophilus species, said protein having an apparent 

25 molecular weight of 42,000 and a- capacity of binding human 
IgD. 

IS. A purified antibody which is specific to an 
immunogenic portion of a surface exposed .protein of 
Haemophilus influenzae or related Haemophilus species, 
30 said protein having an apparent molecular weight of 42,000 
and a capacity of binding human IgD. 

19. A method of detecting the presence of Haemophilus 
influenzae or related Haemophilus species in a sample by 
contacting said sample with the antibody of ..claim 18 in 
35 the presence of an indicator. 
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Fig.9a 

108 AAAAAAGGCG GTGGG C AAATTG CTTACTCG CCTTITTTGTAACT AAAATCTAAAAACTCT 167 

»35 -10 

168 ATAAAAATTTACCGCACTCTTAAGGAGAAAATACTTATGAAACTTAAAACTTTAGCCCT^ 227 

ccnncr MetLysLeuLysThrLeuAlaLeu 
rbs 

228 TCTTT ATT AG CAG CTGG CGTA CTAGC AGGTTGT AG CAG C C ATTCATC AAAT ATG G CG AAT 287 
SerLeuLeuAlaAlaGlyValLeuAlaGlyCysSerSerHisSerSerAsnMetAlaAsn 



288 ACCCJUUVTGAAATCAGACAAAATCATTATTCCTC^ 3 4 7 

ThrGlnMatLysSerAspLysIlellelleAlaHisArgGlyAlaSerGlyryrLeuPro 



348 GAGCATACGTTAGAATCTAAAGCACTTGCGTTTCCACAACAGG 407 
GluHisThrLeuGluSerLysAlaLeuAlaPheAlaGlnGlnAlaAspTyrLeuGluGln 



408 G ATTT AGCAATG ACTAAGG AT13GTCGTTTAGTGGTTATTCACG ATCACTTTTTAG ATGG C 4 67 
AspLeuAlaMetThrLysAspGlyArgLeuValVallleHisAspHisPheLeuAspGly 



4 68 TT<2ACTGATGTTGCt;AAAAAATTCCCACATCGTCATCGTAAAGATC 527 
LeuThrAspValAlaLysLysPheProHisArgHisArgLysAspClyArgTyrTyrVal 



528 ATCG ACTTTACCTTAAJ^G AAATTCAAAG1TTAG AAATG ACAG AAA^ 587 
IleAspPheThrLeuLysGluIleGlnSerLeuGluMetThrGluAsnPheGluThrLys 



588 G ATGG CAAACAAG CG CAAGTTT ATC CT AATCGTTTCC CT CTTTGG AA^TCA C ATTTT AG A 64 7 
AspGly Ly sGlnAlaGl nValTy r ProAsnArgPheProLeuTrpLysS erH is Phe Arg 



648 ATT CATACCTTTGAAGATG AAATTG AATTTATCCAAGGCTC 7 07 

IleHisThrPheGluAspGluIleGluPhelleGlnGlyLeuGluLysSerThrGlyLys 



708 AAAGTAGGGATrTATC^GAA\TCAAAGCACCTTGGTTCCACCATCAAAATGGTAAAGAT 7 67 
LysValGlylleTyrProGluIlcLysAiaProTrpPheHisHisGlnAsnGlyLysAsp 
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SUBSTITUTE SHEET 



BNSDOCID: <WO 9118926A* I > 



- I »T3CCJJH.O UVVW-4, 



• — /*' ' is 



8 1 -90- (661 



Aumsi laatcd aui*s «n 10 Ja gt ua ui |n>utoaop jg m 



1 661 aunp 

NOLLVQHUH30 Al 



pan pii uauad « cq 



jaqjo atota jo boo q™» 

aoBUMa, 8 p 0 ^^»^ a ?»SJi^ 0 i«tn 3 iii K l ;o ,ok555g^ j£fU^« ») w»««w |«e«d. jaq* jo tnm«ip 



qiiBoroop aioi|M sfq^ aas 
, c 686t aaqorpo SZ 

(ANVdWOD aiWVNVAO NV3IH3WV) S928EE0 *ZV 'da 

t8€C 36ed - 6ZE£ a6ed aas 

ULaywd aoBjun S IBiaawa LaAo N V aBzuaniiui 
sni^dcwoaBH io q u.isWdi, "L© ^ ucny 6uouobw 
0661 aaqmaAOfl *SH *1<>A **6o|ounoiaii jo tBiunop aqjL 

931 a6ed . en a6ed aas 
u n * l ° 3 »* 4 PM»ps3 ui uotssaadxa 
pin? asuanbas epnoatariN '611111013 :3BZuani iul 
snt.uidouiaBH 1° "Way 6uLpiu a -a uiLnqotfiounnraii 
ub 'g ULaaood„ : t B *a uosuep ub^bh I66t 

^JBRUBp < T -Q N « 6S ■ l Q A ^^ UnmiBI pul uOLTOlU! 



X'd 



X'd 



tJiWA3T3ol 3fl OX Q3H3qiSNOO SJH3WI10O0 HI 



3AOqB sb sassBtD QN'ld'/ta'aS 



,pBtfana 8 «P|ay ui papnpui «ui s^auinaog tpos mn fimpra stn m 
tiegTOunaoQ mniD|u tw xtmn jaqio patpin$ uoimuaumooQ 



M 19 v in z\ a iM /o o 



spiquiAs nogB3j||ssct3 



z P»Hai«»s uoBlugwoaoq wnuiju lW 



S3dl 



a3HOMV3S sen 



W/l b a//Z0I/6e )l 19 V 'IE/ST N ZX 3 'W/SlVio 3 :S3dI 



6ZI0O/X6 3S/I3d «m *»pmi»«««w i«wn«u«ioi 

XHOdHb HO>IV3S 1VNOUVNU3XNI 



International Application Ho. PCT/SE 91/00X29 



III. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 


Category' 


Citation of Document, with Indication, where appropriate, of the relevant passages 


Relevant to Claim Ho 


A 


The Journal of Immun logy, Vol. 122, No. 4, April 
1979 Arne Forsgren et al.: "Many bacterial 
species bind human IgD", see page 1468 - 
page 1472 


1-22 


Form PCT/ISA/210 Coxtra sheat) (January 198S) 



91- S0-06 

92- 01-68 



PZ29/.Q2 -V-dr 




68ZEIBE -a-nv 


S2-0X-68 






Ajpa«l iita|>d 





S9Z8££0 -2V-d3 



indaj qaicas □] pa|p 
tuaumsop ttm«d 



•usBctiuQfU! to Bsotfmd am ioj um|0 Aiwauj on tpRM w«i03{p«d a rain -mi aiqt !( Acm ou uj t ( aayjo iua}«d q*ipa«S aqj. 
6Z~*90-T6 00 8, W "WO tnsicd t|*ipaMs «n pautsiuoa s* ai« uaqumn stu 

•yadaj ipin* t^ptdiaTailaaoRi»uj-a«KjB am u| psjp sfaatttmsp luajrt atg at Odfjipu traquiaui Aiiuwj iitaisd aqi sun xaou« spu 



62100/16 3S/13d'ON NOUVOHddV JLN3±Vd lVNOIiVNU3XNI NO 
±HOd3U 1VNOI.LVNU31NI 3HX OX X3NNV 



